The ethanol extract of Tilia taquetii Schneider leaves was investigated for its anti-wrinkle properties and for the relevant chemical constituents. Phytochemical studies led to the identification of five known compounds, viz. phytol (1), isoquercitrin (2), oleanderolide (3), arjunolic acid (4) and maslinic acid (5) from the extract. Of these, compounds 4 and 5 inhibited the expression of matrix metalloproteinase-1 (MMP-1), an enzyme responsible for the breakdown of collagen fiber. Moreover, compound 5 showed inhibition activity on elastase, a protease enzyme capable of degrading elastin. These results suggest that the extract of T. taquetii containing the triterpenes 4 and 5 could be applied as anti-wrinkle ingredients in cosmetic preparations.
The skin is the largest organ of the human body, and is composed of three layers i.e. the epidermis, dermis and subcutaneous tissue. The thickness of the skin is determined by the dermis lying between the epidermis and subcutaneous fat. In the dermis, fibroblasts are the primary cell type producing fibrous proteins such as collagen and elastin, as well as destructive enzymes such as collagenase and gelatinase. Collagen is actually a complex family of several proteins, among which type I collagen comprises 80 to 85 percent of the dermal matrix. Collagen is responsible for the tensile strength and toughness of the skin. Matrix metalloproteinase-1 (MMP-1) is the collagenase enzyme involved in the breakdown of the type I collagen. In the process of skin aging, MMP-1 expression becomes increased along with the decline of collagen I synthesis [1] . Elastin is another matrix protein composing elastin fiber in the dermis layer. Damage to the elastin fiber leads to decreased skin elasticity seen in aged skin. Elastase is the serine protease enzyme capable of degrading elastin by hydrolysis of the peptide bonds [2]. As collagen and elastin are the major proteins responsible for skin tension and elasticity, inhibition of their degradation could be an attractive strategy to protect the skin against wrinkle formation. Therefore, search for natural ingredients which can down-regulate the collagenase and elastase becomes of great interest for the development of skin-care products [3] . We are continuously investigating the extracts from plants in Jeju Island, located at the southernmost part of Korea, to find natural products applicable in cosmetic preparations [4] .
A woody plant Tilia taquetii Schneider (Tiliaceae family) is a Korean endemic which has been used as a folk medicine in local communities against the common cold. In our previous phytochemical study, isoflavone and coumarin derivatives were isolated from the stems of T. taquetii [5] . In a further investigation, we observed that the ethanol extract prepared from the leaves of T. taquetii has inhibition properties on MMP-1 expression and elastase enzyme activities (data not shown). As the leaves of this plant have not yet been chemically studied, we decided to investigate the constituents responsible for the observed activities.
The ethanol extract of T. taquetii was fractionated and subjected to chromatographic purifications. Through these procedures, five compounds were isolated i.e. phytol (1) [6] , isoquercitrin (2) [7] , oleanderolide (3) [8] , arjunolic acid (4) [9] and maslinic acid (5) [10] . Their chemical structures were elucidated on the basis of spectroscopic analysis and comparison of their data with those in the literature [6] [7] [8] [9] [10] . Even though all of the isolates (1-5) are known compounds, they were isolated for the first time from T. taquetii.
When selecting anti-aging natural products for cosmetic formulations, it is of primary importance that they should have minimal effects on fibroblast cell proliferation. In this regard, the ethanol extract was subjected to MTT tests to check cytotoxicity using normal human fibroblast CCD-986sk cells. In this experiment, the extract of T. taquetii did not exhibit cell toxicity at the concentration of 100 g/mL (data not shown). Likewise, as shown in Figure 1 , the isolated compounds 2, 4, and 5 were identified as non-toxic to the fibroblasts at 100 g/mL concentration. The other compounds (1 and 3) showed a little toxicity, but they displayed reasonable cell viabilities of over 80% at the concentration.
In order to examine the anti-aging properties related to the skin, the expression of MMP-1 enzyme was measured using a normal human fibroblast cell (CCD-986sk). The quantity of MMP-1 produced in the fibroblast was determined by ELISA analysis [11] . Among the isolates 1-5, arjunolic acid (4) and maslinic acid (5) were verified to possess inhibition activities on MMP-1 production in a dosedependent manner ( Figure 2 ). For example, triterpene 4 induced the reduction of MMP-1 synthesis by 7.3, 13.0 and 27.8% at 50, 100 and 200 g/mL concentrations, respectively. Similarly, compound 5 reduced the MMP-1 expression by 35.6% at 200 g/mL concentration. It is interesting to observe that the triterpene 3 bearing a lactone moiety showed very low activity in this test, which suggests that the presence of a carboxylic acid group at C-28 is critical to exert inhibitory effects against MMP-1 expression. Compounds 1 and 2 appeared inactive in this screening test.
Elastase is an enzyme causing the degradation of elastin, a fibrous protein maintaining elasticity in the skin dermis. Inhibition of elastase activities, therefore, could be an attractive method for developing anti-aging ingredients in cosmetic formulations. The inhibitory activities were screened using porcine pancreatic elastase (PPE) with N-Succ-(Ala) 3 -p-nitroanilide (SANA) as the substrate. The elastase-mediated hydrolyzed product p-nitroaniline from SANA was monitored by measuring the absorbance at 410 nm [12] . As the extract of T. taquetii showed elastase inhibition activities, the isolated compounds 1-5 were also screened using ursolic acid and oleanolic acid as the positive controls. Among the isolates, maslinic acid (5) exhibited inhibitory activity with an IC 50 value of 89.5 μg/mL, whereas ursolic acid and oleanolic acid showed IC 50 values of 32.7 and 43.6 μg/mL, respectively (Figure 3 ). Interestingly, arjunolic acid (4), bearing a similar structure to 5, exhibited low inhibition activity, with an IC 50 value over 200 μg/mL. In summary, the ethanol extract of T. taquetii leaves was chemically investigated to identify five compounds; phytol (1), isoquercitrin (2), oleanderolide (3), arjunolic acid (4) and maslinic acid (5) . Among the isolates, compounds 4 and 5 inhibited the expression of the MMP-1 protein as measured by ELISA. In addition, maslinic acid (5) showed elastase inhibition activity, which is slightly lower than that of ursolic acid and oleanolic acid. As MMP-1 and elastase are the destructive enzymes involved in degradation of matrix protein in the dermis, their inhibitors could be useful in the protection of skin aging. Accordingly, the ethanol extract of T. taquetii leaves containing the triterpene constituents has a potential application as an anti-wrinkle ingredient of cosmetic preparations.
Experimental
Plant material: T. taquetii was collected from the Halla Botanical Garden on Jeju Island in September 2011, and verified by Dr C. S. Kim at the Garden. A voucher specimen (No. 234) was deposited at the Laboratory of Natural Products at Jeju National University.
Extraction and isolation:
The dried leaves of T. taquetii (548.5 g) were cut into small pieces and extracted with 70% aqueous ethanol (10 L x 2) with stirring for 24 h. The combined solution was filtered, and the filtrate concentrated under reduced pressure. The extract (60.0 g) was suspended in water (1.0 L), and successively partitioned into n-hexane (3.6 g), ethyl acetate (8.2 g), n-butanol (12.5 g) and water (28.1 g) fractions. Part of the ethyl acetate fraction (5.0 g) was subjected to vacuum liquid chromatography over silica gel eluting with stepwise gradient solvents (300 mL each) of n-Hex/EtOAc (0 -100%) and EtOAc/MeOH (0 -100%) to give a total of 40 fractions (V1 to V40). Fraction V5 was recrystallized from methanol to provide compound 1 (23.8 mg). Fraction V24 (377.8 mg) was purified by Sephadex LH-20 CC, eluting with CHCl 3 /EtOAc/MeOH (2/2/1) to provide compound 2 (17.9 mg). Fraction V10 (120.0 mg) was purified by successive CC wih silica gel using CHCl 3 /MeOH (20/1) and CHCl 3 /EtOAc/MeOH (20/10/1) to give compound 3 (13.5 mg). Fraction V18 (110.3 mg) was purified using CC over silica gel with CHCl 3 /MeOH (7/1) to give compound 4 (27.1 mg). Fraction V12 (199.8 mg) was purified using CC over silica gel with CHCl 3 /MeOH (7/1) to give compound 5 (17.8 mg).
Cell culture: CCD-986sk cells (human normal fibroblast cells) were purchased from the ATCC. These cells were cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 100 U/mL of penicillin, 100 μg/mL of streptomycin and 10% fetal bovine serum (FBS). The cells were incubated in an atmosphere of 5% CO 2 at 37 o C and were sub-cultured every 3 days.
Cell viability assay by MTT:
The cell viability was determined by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay. Briefly, cells were seeded into a 24-well plate at a density of 5×10 4 cells/well. After 24 h incubation, the cells were treated with various concentrations of samples. After 24 h cell incubation, MTT was added to the medium and was allowed to stand for 4 h. After removing the supernatant, the formazan crystals were dissolved in DMSO. Absorbance was measured at 570 nm. The percentage of cells showing cytotoxicity was determined relative to the control group.
MPP-1 expression inhibition assay:
The level of MMP-1 expression was assayed using an enzyme-linked immunosorbent assay (ELISA). CCD-986sk cells (5×10 4 cells/well) were seeded into 24-well plates and cultured for 24 h. The culture media were replaced with DMEM containing various concentrations of samples. After 24 h incubation the supernatants were transferred into a 96well plate, and the same volume of coating buffer (Na 2 CO 3 1.59%, NaHCO 3 2.93%, NaN 3 0.20%, MgCl 2 1.02%, pH 9.6) was added and incubated overnight at 4 o C. The supernatants were removed, and the coated well was washed 3 times with PBS containing 0.1% Tween 20 (PBS-T), followed by blocking with 3% bovine serum albumin (BSA) in PBS for 2 h at 37 o C. After blocking, rabbit anti-MMP-1 antibody in 3% BSA was added to each well and incubated for 90 min at 37 o C. After washing, the wells 3 times with PBS-T, anti-rabbit IgG conjugated with HRP in 3% BSA was added, and the mixture was incubated for a further 1 h at 37 o C. After washing 3 times with PBS-T, 100 μL of 3,3',5,5'-tetramethylbenzidine (TMB) peroxidase substrate solution was added to each well and incubated for 30 min at room temperature. The reaction was stopped by adding 100 μL per well of 1N H 2 SO 4 . Absorbance was measured at 450 nm.
Elastase inhibition assay:
To the reaction mixture were added 0.2 M Tris-HCl buffer (pH 8.0), 0.1 mg/mL porcine pancreatic elastase (PPE), 12.5 mM SANA as the substrate, and different inhibitors (dissolved in 70% ethanol or DMSO). Each inhibitor was preincubated for 15 min at 25 o C, and the absorption due to formation of p-nitroaniline was measured at 410 nm. Blanks contained all the components except the enzyme. Ursolic acid and oleanolic acid were used as the positive controls. Each treatment was replicated thrice. Percentage of inhibition was calculated as follows: Inhibition (%) = (1-B/A)100, where A is enzyme activity without inhibitor and B the activity in the presence of the inhibitor.
